Background {#Sec1}
==========

Cardiovascular diseases (CVDs) are the major cause of death globally. An estimated 17.7 million people died from CVDs in 2015, representing almost a third of all deaths worldwide \[[@CR1]\]. CVDs are a major economic burden on health care systems in terms of both direct costs, such as hospitalizations, physician visits and drugs, and indirect costs associated with mortality and morbidity, such as losses of productivity due to premature mortality and short- or long-term disability \[[@CR2]\]. According to the 2015 German Federal Health Report the costs caused by CVD amounted to 36.9 billion EUR. The total expenditure of healthcare provision for CVDs thus is approximately one sixth \[[@CR3]\]. Hypertension alone was estimated to cost 12.6% of USA health care expenditures \[[@CR2]\].

People with a CVD or who are at high cardiovascular risk due to the presence of one or more risk factors, such as obesity or diabetes, need early detection and management using counselling and medicines to reduce morbidity and mortality \[[@CR1]\]. The success of these strategies depends on patient compliance, which is affected by many factors such as the patient's knowledge, confidence in ability to follow recommended behaviors, perception of health and benefits of therapy or behavior, availability of social support, complexity of the regimen and the patient relationship and communication with the health care provider \[[@CR4]\]. To remediate poor patient compliance the most promising strategies are complex interventions, i.e., combinations of interventions including patient education, self-monitoring, social support, telephone follow-up and tailoring with multicomponent strategies \[[@CR4]\].

The need for improving patient care in Mecklenburg-West Pomerania {#Sec2}
-----------------------------------------------------------------

Mecklenburg-West Pomerania is a federal state in northern Germany. It is the least densely populated and least industrialized German state, being the sixth largest in size, but only the 14th in population, and it is called Germany's most rural state \[[@CR5]\]. Morbidity and mortality from CVDs was the fourth highest among all German federal states according to the Heart Report 2015 \[[@CR6]\]. By using combinations of interventions, we aim at reducing CVD morbidity and mortality. We have selected three cardiovascular diseases, atrial fibrillation (AF), heart failure (HF) and therapy-resistant hypertension (TRH) for investigating the efficacy of our strategy.

Target diseases: atrial fibrillation, heart failure and therapy-resistant hypertension {#Sec3}
--------------------------------------------------------------------------------------

AF is the most common clinically important arrhythmia \[[@CR7]\]. The estimated number of patients in Germany suffering from AF is 1.8 million, which corresponds to about 2.2% of the population \[[@CR8]\]. AF imposes high costs in Europe, e.g., more than one billion EUR in Germany \[[@CR9], [@CR10]\], and it accounts for 1% of the United Kingdom's National Health Service budget \[[@CR11]\].

HF is one of the most frequent reasons for hospitalization in Germany. In Mecklenburg-West Pomerania more than 10,000 HF patients annually require inpatient treatment. Lifetime prevalence for HF is 4.2% in the general population. Overall, the diagnosis of HF led to a cost of 2.9 billion EUR in 2006 to the German public health system \[[@CR12]\].

Approximately 6.1 million Americans have TRH \[[@CR13]\]. TRH is associated with an estimated US\$11.3--17.9 billion per year in direct medical expenditures above and beyond expenditures for non-resistant hypertension in the USA.

Complex interventions in the target diseases atrial fibrillation, heart failure and therapy-resistant hypertension {#Sec4}
------------------------------------------------------------------------------------------------------------------

In patients with HF, complex interventions may lead to a reduction in the re-hospitalization rate by 20--30% \[[@CR14]\]. Several studies have investigated the effect of the coordination of medical care between patients, care providers, supporting networks as well as patient training and patient support. Reinforcement of patient self-care and follow-up care in a multidisciplinary team plus telephone support is more effective than telemedicine alone \[[@CR15]--[@CR17]\]. Self-care or self-management includes components, such as diet management, body weight management and early intervention in case of signs of cardiac decompensation \[[@CR18]\]. Collaborative work between general practitioners and cardiologists leads to a reduction in mortality of HF patients when compared with the general practitioner being the only physician \[[@CR19], [@CR20]\].

Continuous remote monitoring of patients with AF may lead to a reduction of the stroke risk and hospitalization rates for atrial arrhythmias and related stroke \[[@CR21], [@CR22]\].

One of the major determinants of poor blood pressure (BP) control results from therapeutic inertia of the physician and suboptimal compliance of the patients. Prevalence estimates of non-adherence in TRH were highly variable (7--66%) \[[@CR23]\], and in a recent trial only 20% of the TRH patients took all the medicine that they were prescribed \[[@CR24]\]. Meta-analyses of randomized clinical trials (RCTs) demonstrated the efficacy of telemonitoring for BP control \[[@CR25], [@CR26]\]. The telemonitoring group had a 31% better target-BP achievement and a significant increase in the use of antihypertensive medications. However, to have a significant BP-lowering effect, the telemonitoring needed to be combined with some sort of intervention, e.g., with active intervention by a health care professional.

Summary of the evidence {#Sec5}
-----------------------

The combination of telemedicine and the reinforcement of patient self-care in a multidisciplinary team together with telephone support are expected to be beneficial in CVDs. This combination of interventions may increase compliance and may allow for early interventions before a serious event has occurred, such as cardiac decompensation in HF patients. This bundle of interventions should be combined with a close collaboration of all treating physicians, and the interaction between general practitioners, resident cardiologists and hospital cardiologists.

The need for a trial {#Sec6}
--------------------

The novel integrated care concept (NICC) that will be investigated in this trial consists of a bundle of interventions and a specific path for patients of each disease. Boland et al. \[[@CR27]\] showed for chronic obstructive pulmonary disease that a pragmatic and non-experimental implementation of a set of interventions resulted in a low level and a wide variety of implementations across different teams. Important barriers to implementation were insufficient motivation of patients, high starting level of care, few patients per disease management team, mild disease levels in the studied population, practicalities of the disease management program and hurdles to reimbursement. Teams also reported unclear instructions, lack of time and lack of motivation. A higher level of implementation was positively associated with improved self-management capabilities, but this association was not found for other outcomes. Other pragmatic studies also reported heterogeneity in the implementation of various interventions \[[@CR28], [@CR29]\]. On average, less than 42% of the interventions were implemented, and no team implemented all interventions. However, if only a few interventions are implemented, improvements in patient outcomes cannot be guaranteed \[[@CR27]\]. Therefore, as argued by Pinnock et al. \[[@CR30]\], after proven efficacy the translation of interventions into a practical service should be evaluated.

Study objectives and hypotheses {#Sec7}
-------------------------------

As a result, the superiority of NICC over standard care needs to be shown in a randomized controlled trial (RCT), and we hypothesize that NICC is superior over standard care. The positive effect on survival and/or health in patients with cardiovascular disease is to be demonstrated as a team-based concept for wide acceptance of NICC in practice, which, in turn, would lead to a roll-out of the concept in the federal state of Mecklenburg-West Pomerania and even to all other federal states in Germany.

Our first hypothesis is that NICC is superior to standard care in terms of the clinically relevant events mortality, stroke and myocardial infarction. The event rate for the combined endpoint mortality, stroke or myocardial infarction should thus be lower in the NICC group compared to standard care. The second hypothesis is that NICC leads to a lower number of hospitalizations when compared with standard care. The third hypothesis is that NICC has a lower rate of patients with mortality, stroke, myocardial infarction or cardiac decompensation compared to standard care.

If hospitalizations are reduced through the NICC, we expect that the cost of the NICC will be lower than the cost of standard care. We will, therefore, compare the cost of the NICC with the cost of the standard care.

Another objective of the trial is to show that all components of NICC are implemented in practice for all participating centers.

Methods {#Sec8}
=======

Study design {#Sec9}
------------

CardioCare MV is a prospective, randomized, controlled, parallel-group, open-label with blinded observer, bi-center trial with two groups for comparing NICC with standard care. The study protocol follows the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) Statement \[[@CR31]\] and reporting will follow the Consolidated Standards of Reporting Trials (CONSORT) Statement \[[@CR32]\] and its extension to abstracts \[[@CR33]\].

Following the SPIRIT Statement we have created Fig. [1](#Fig1){ref-type="fig"} to show the proposed participant flow through the study. The SPIRIT Checklist is shown in Additional file [1](#MOESM1){ref-type="media"}.Fig. 1Study flow

The study was approved by the Ethics Committee of the Medical Faculty of the University of Rostock (A2017--0117), and it was registered with drks.de on 5 October 2017 (registration number: DRKS00013124). Secondary registration with [ClinicalTrials.gov](http://clinicaltrials.gov) was on 17 October 2017 (registration number: NCT03317951).

Setting, recruitment, inclusion and exclusion criteria {#Sec10}
------------------------------------------------------

Patients will be referred by a cardiologist or a general physician to one of the two recruiting centers: University Medical Center Rostock (UMR) or Helios Klinik Schwerin (Schwerin). In addition, inpatients of the UMR or Helios Klinik Schwerin will be included. Trial participants will then be recruited in the two study centers by a cardiologist after diagnosis of AF, HF or TRH. Both centers have long-standing experience in conducting clinical trials and treating patients with CVDs.

Patients will not be remunerated. Referring physicians and referring institutions will receive up to 80 EUR per patient as expense allowance.

Inclusion and exclusion criteria are displayed in Table [1](#Tab1){ref-type="table"}.Table 1Inclusion and exclusion criteriaInclusion criteria: • Heart failure (ICD code I50, NYHA II--IV) or atrial fibrillation (I48, EHRA II--IV) or therapy-resistant hypertension (I10--15 mmHg, ≥ 3 antihypertensives from different drug classes, SBP \> 140/90 mmHg or ≥ 4 antihypertensives irrespective of the blood pressure, with at least one drug being a diuretic)\
 • Member of health insurance company Allgemeine Ortskrankenkasse (AOK) Nordost or Techniker Krankenkasse (TK). This is required because patients of the NICC group need to sign an integrated care contract with their health insurance company to allow for legitimate roll-out of intersectoral care delivery model NICC according to German social law\
 • Residence in Mecklenburg-Vorpommern\
 • Age ≥ 18 years\
 • Written informed consentExclusion criteria: • Pregnancy, suspected pregnancy, or breast-feeding period\
 • Participation in another clinical trial up to 30 days before inclusion in this trial\
 • Cognitive deficits: patients need to be able to read and understand the German language as presented on a tablet\
 • Chronic kidney disease requiring dialysis or creatinine clearance \< 15 ml/min*ICD* International Classification of Diseases, *EHRA* European Heart Rhythm Association, *NYHA* New York Heart Association*, NICC* novel integrated care concept, *SBP* systolic blood pressure

Intervention: the novel integrated care concept (NICC) {#Sec11}
------------------------------------------------------

The care center is at the heart of the NICC structure. It will be available round the clock. It is the core platform to share information for all NICC patients in the care process and serves as integration point between the professional groups, as it is expected that all patients of the NICC group will contact first the care center with all questions and needs. The care center is utilizing the NICC platform (Fig. [2](#Fig2){ref-type="fig"}) for its care coordination and monitoring of the patient. The NICC platform enables patient management from the distance and allows treating physicians to observe and follow the health status of patients daily.Fig. 2Integration of patients into the novel integrated care concept (NICC) platform

Using the NICC tablet, patients can provide information from home about their health status via vital-sign measurements and by answering questionnaires using a secure communication channel. Patients will receive feedback about their therapy and their measurements, education about their symptoms and their diseases and reminders and motivation to follow care plans. This allows for a regular evaluation of the patient's situation -- reports are generated at least daily -- and risks and a regular review of the therapy and coordination of necessary adjustments with the care providers of the patient.

Figure [3](#Fig3){ref-type="fig"} illustrates the patient management process within the study. Patients send their daily health status via vital-sign measurements using a secure communication channel (Fig. [3](#Fig3){ref-type="fig"}, upper part). The incoming values will be analyzed automatically by a triage dashboard that reverts to previously set up intervention rules. The results are presented in the form of different flags. Each flag implies a different need of action. For example, a missed measurement can lead to telephone contact with the patient as defined in the workflow. Three different flags (red -- high risk, orange -- medium risk, yellow -- low risk) reflect the urgency of the health status. All flags will be evaluated by the care center medical staff for the need of potential interventions. Values in the normal range or close to normal range will not produce flags.Fig. 3Patient management process

Flags represent values out of the normal range or critical survey results. The case manager thus has a low to medium to high need for action leading to a process of evaluating the health status of the patient thoroughly. Depending on the risk level of the patient, a clarifying and informing call by the care center medical staff will be performed or other elements of the intervention such as consulting the patient's treating physician. In some cases, the result may be a physician's visit or, in very urgent cases, usage of an emergency service. In either case changes in health status will be reported to the treating physician/general practitioner of the patient in written form (Fig. [3](#Fig3){ref-type="fig"}, lower part -- care center cardiologist).

The general intervention rules are based on the current European Society of Cardiology (ESC) guidelines for treating AF, HF and arterial hypertension, the latter with a special focus on TRH patients.

Communication between the care center and the patient is enabled through a secured line and accessed by the tablet. The patient's tablet is secured by a user-specific password. From a patient perspective, communicating by tablet will comprise sending measurements and survey results. From the care center's perspective, communication will include sending and scheduling of surveys to the patient. A case manager calls the patient within a defined interval according to risk-level as the patient's data or survey responses trigger an outbound activity. The patient can contact the care center by telephone within business hours as required.

Communication between the primary care physician, medical specialists, such as cardiologists, and the care center is defined by workflows, care pathways and care coordination needs. The main communication tools between the different parties are telephone calls, faxes and secure messaging within the software solution, according to the preferences of the involved care giver. Rules and agreements are in place to define when to escalate a patient need to a specialist or inform the patient's general practitioner.

Control: standard care {#Sec12}
----------------------

Patients not randomized to NICC will be treated according to current practice as described in the guidelines of the European Society of Cardiology (ESC). For AF, this has been provided by Kirchhof et al. \[[@CR34]\]. HF treatment will follow the 2016 ESC guideline for HF \[[@CR35]\], and TRH will be treated according to the ESC treatment guideline for arterial hypertension \[[@CR36]\].

Baseline and follow-up examinations {#Sec13}
-----------------------------------

An overview of scheduled study visits is shown in Table [2](#Tab2){ref-type="table"}. Patients will be followed up as outpatients at 6 months and 12 months after randomization. Data will be collected by a physician and a study nurse at the study center who should both be blind to the randomization status. Treatment with NICC will end 12 months after randomization. Long-term follow-up of all study patients is intended at 5 years after randomization.Table 2Schedule of assessmentsBaselineVisit at 6 monthsVisit at 12 monthsInclusion and exclusion criteriaXInformed consentXRandomizationXMedical historyXCardiovascular diagnosesXPrevious cardiovascular interventionsXComorbidities/cardiovascular risk factorsXXXPhysical examinationXXXLaboratoryXXXResting electrocardiogramXXXEchocardiographyXXXMedicationXXXQuality of life: EQ-5D-5 LXXXHeart-related quality of life: HeartQoLXXXSocial support: SSUK-8; Illness-specific Social Support Scale Short version-8XXXDepression: PHQ-9 (Patient Health Questionnaire depression module)XXXAnxiety: GAD-7 (Generalized Anxiety Disorder scale)XXXWell-being: WHO-5 (World Health Organization Well-Being Index)XXXMedication adherence: MARS-D (Medication Adherence Report Scale) with 5 itemsXXXBeliefs in medicines: BMQ (Beliefs about Medicine Questionnaire)XXXPatient activation: PAM13-D (Patient Activation Measure)XXXSerious adverse eventXXEnd of studyX

Primary endpoints {#Sec14}
-----------------

Three primary endpoints will be used in this trial. The first primary endpoint will be the composite endpoint of mortality, stroke and myocardial infarction. The second primary endpoint will be the number of days spent in hospital during the study period. The third primary endpoint will be the composite endpoint of mortality, stroke, myocardial infarction and cardiac decompensation.

Secondary endpoints {#Sec15}
-------------------

Secondary endpoints include costs, such as stationary medical costs, ambulant medical costs and quality of life as measured with the EQ-5D-5 L \[[@CR37], [@CR38]\] and the HeartQoL \[[@CR39]\]. Depression (PHQ-9; \[[@CR40], [@CR41]\]), anxiety (GAD-7; \[[@CR42]\]), well-being (WHO-5; \[[@CR43]\]), illness-specific social support (SSUK-8; \[[@CR44]\]) and patient activation (PAM13-D; \[[@CR45]\]) are among the other secondary endpoints. Safety will be assessed by focusing on serious adverse events (SAEs).

Randomization {#Sec16}
-------------

Randomization will be executed in a 1:1 ratio to NICC or standard care using stratified permuted block randomization (PBR) with variable block length. Stratification variables will be diagnosis (AF, HF, TRH) and center (inpatients/outpatients at UMR/Schwerin). After inclusion and exclusion criteria have been checked, the presence of the informed consent form has been ticked and the form has been electronically signed by the physician, the randomization result will be displayed in the trial database.

Statistical analysis {#Sec17}
--------------------

All statistical analyses will be described in detail in a statistical analysis plan (SAP) which will be finalized before the randomization of the last patient. Analysis populations for the primary endpoints will be the full analysis set (FAS) based on the intention-to-treat (ITT) principle. Neither interim analyses nor adaptations are planned for this trial.

The familywise error rate is set to 5%. All tests will be two-sided. The following multiple testing procedure will be used for the three primary endpoints. The first and second endpoint will be tested at the 2.5% test level. If any of the first two primary endpoints is significant at the two-sided 2.5% test level, the other hypothesis for the first two primary endpoints will be tested at the 5% test level. If both the first and second primary endpoints are significant, the third primary endpoint will be tested at the 5% test level. No other adjustments will be made for multiple testing.

The first and the third primary endpoints will be analyzed using logistic regression with adjustment for the stratification variables. A Poisson regression allowing for over- or underdispersion with adjustment for stratification variables will be estimated for the second primary endpoint. Two-sided asymptotic Wald tests and corresponding confidence intervals will be calculated. All secondary endpoints will be tested by appropriate tests and models exploratorily using the two-sided 5% significance level.

Missing values for the primary endpoints will be minimized by intensive follow-up, such as telephone calls by the call center. Missing values for the primary endpoints will be imputed using MICE \[[@CR46]\]. Missing data of scores from questionnaires will be handled according to the respective manual.

Sample size calculations {#Sec18}
------------------------

The aim of the trial is to demonstrate superiority of NICC when compared with standard care. For sample size calculations for the first primary endpoint, we assumed an event rate of 0.08 in the standard care group \[[@CR12]\]. For comparing two binomially distributed proportions using the Yates correction \[[@CR47]\], the required sample size is approximately 1465 per group in case of approximately 8.5% dropouts, 1:1 individual allocation ratio, a two-sided 2.5% test level and 80% power for demonstrating an absolute reduction of the event rate by 3% for the NICC group. The total required sample size thus is approximately 2930 patients.

The second primary endpoint will be tested for superiority at the two-sided 2.5% test level. The number of HF hospitalizations in Germany was approximately 400,000 in 2013 \[[@CR48]\]. The age- and sex-standardized HF prevalence in Germany is approximately 1.7% \[[@CR49]\] so that approximately 1,360,000 Germany suffer from HF, yielding a hospitalization intensity of approximately 400,000/1,360,000, i.e., about 0.3. Clinically relevant would be a reduction by one third to 0.2. The expected number of hospitalizations per group are 405 for the control group and 270 for the NICC group with a total sample size of 2930 including dropouts, resulting in power to detect a difference in the number of hospitalizations exceeding 99.8% at the two-sided 2.5% test level. If the sample size of 2930 patients cannot be reached for any reason, the power to detect a difference in hospitalization rates of 0.3 and 0.2 would be 80% with the other parameters as before if at least 150 hospitalizations occur in the control group and 100 hospitalizations in the NICC group. The required sample size for these frequencies would be approximately 543 subjects per group, yielding a total required sample size of approximately 1086 patients.

Data management and data monitoring {#Sec19}
-----------------------------------

Data security aspects are described in detail in a separate data protection concept. Three different types of data will be collected for this trial, (1) data collected in the electronic Case Report Form (eCRF), (2) data from the participating health insurance companies and (3) data from the NICC center in Rostock. In addition, for patients in the intervention group data will be collected on the Philips devices.

The trial database and the eCRF will be developed, maintained and hosted by AMEDON GmbH using standard operating procedures (SOPs) from AMEDON GmbH. Patient data will be stored only pseudonymized in the AMEDON database.

Only pseudonymized routine data from health insurance companies will be integrated into the trial database using a trustee concept.

The NICC platform and databases will be developed, maintained and hosted by Philips GmbH and its suppliers. The platform and databases are integrated into a general Philips product security and safety concept. Personal and anamnestic patient data are treated as confidential and will be stored fully encrypted in the Philips NICC databases. Data stored on the patient tablet provided by Philips GmbH are encrypted with the encryption key bound to the patients' credentials. Patient tablets are locked-down so that patients can neither change the configuration nor install additional apps. Tablet data will be integrated into the trial database by a physician working in the care center using pseudonymized data.

All relevant study data will be archived by the sponsor of the study for at least 10 years after end of study.

AMEDON GmbH will conduct clinical onsite monitoring to ensure patients' rights, patients' security and reliability of trial results. Informed consent and defined key data will be checked for approximately 10% patients. The medical file will be screened for serious adverse events for approximately 3% of the patients.

In presentations or publications arising from this study, information will be provided in such a way that individual participants cannot be identified. The local centers are entitled to use the recorded data for additional scientific exploitation under their own name, but not before the main results have been published. There are no exceptions to this rule. Any sub-publication requires approval by the sponsor.

Governance {#Sec20}
----------

The whole project is supervised by a Steering Committee. The Steering Committee met almost monthly in 2017.

An independent Data Monitoring Committee (DMC), consisting of two cardiologists and one biostatistician, will be established. The task of the DMC is to oversee the safety of the trial subjects in the clinical trial by assessing the safety and efficacy of the care concepts, and to monitor the integrity and validity of the data collected and the conduct of the clinical trial.

Discussion {#Sec21}
==========

Morbidity and mortality rates from CVDs are high in Mecklenburg-West Pomerania compared to less rural federal states in Germany. Physicians and hospitals are more difficult to reach compared to urban areas. The combination of telemedicine and the reinforcement of patient self-care in a multidisciplinary team together with telephone support may reduce morbidity and mortality.

We have, therefore, developed a novel care concept with its core being a care center. The care center has two main functions. It will serve as integration point between the professional groups, and it is intended to be the first contact point for patients in case of questions and needs. With the help of the care center which will be available round the clock we aim to increase the treatment compliance. Even more, it may allow for early interventions before a serious event occurs. We expect that the cost of the NICC will be lower than standard care because of reduced hospitalizations.

A risk of the trial is its short treatment and observation period of 1 year per patient within the trial. Effects on mortality may not be identifiable in this short term. However, an expansion was not possible because of the funding line which requires a completion of the project within the year 2019. We therefore aim at performing a follow-up at 5 years after last patient inclusion.

CardioCare MV will allow for evidence-based political and economic decision-making. If we can demonstrate positive effects of the NICC, NICC will be immediately rolled out to the entire state of Mecklenburg-West Pomerania and become standard of care. The trial will also guide additional research to disentangle the effects of this complex intervention. In the near future, we would like to expand NICC to other CVDs such as stroke, and other indications such as chronic pain.

Trial status {#Sec22}
------------

The trial opened for accrual on 1 December 2017. First patient included was on 4 December 2017. Accrual is planned to be completed by the end of December 2018.

Additional file
===============

 {#Sec23}

Additional file 1:SPIRIT 2013 Checklist applied to CardioCare MV study protocol. (DOC 186 kb)
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